Under earthquake action, the reinforced concrete structure at the edge of the CAP1400 nuclear power plant foundation slab will be uplifted. In order to determine the seismic performance of this structure, a 1 : 12 scale shaking table test model was fabricated using gypsum as simulated concrete in order to meet scaled design requirements. By testing this model, the seismic response of the structure with consideration of the foundation uplift was obtained. Numerical analyses of the test model and the prototype structure were conducted to gain a better understanding of the structural seismic performance. When subjected to earthquakes, the foundation slab of the nuclear power plant experiences a slight degree of uplift but remains in the elastic stage due to the weight of the structure above, which provides an antioverturning moment. The numerical simulation is in general agreement with the test results, suggesting numerical simulations could be accurately employed in place of physical tests. The superstructure displacement response was found not to affect the safety of adjacent structures, and the seismic performance of the structure was shown to meet the relevant design requirements, demonstrating that this approach to modelling can serve as a design basis for the CAP1400 nuclear power demonstration project.
Introduction
During natural disasters, nuclear power plants can be severely damaged, and this damage can lead to even more harmful secondary disasters, such as the 2011 Fukushima nuclear accident in Japan, which resulted in huge social and economic losses [1] . The seismic safety of a nuclear power plant structure is critical in ensuring the safe production of nuclear power, but the appropriate degree of safety remains a critical facet of design to be improved [2, 3] . The CAP1400 nuclear power plant is representative of a new generation of nuclear power technology, intended to lead the future mainstream development of large-scale nuclear power. Accordingly, the seismic performance of this demonstration reactor must be based on strict design standards [4] . The CAP1400 nuclear power plant is designed using raft foundations, which provide a separation between the "nuclear island" and the "conventional island," in accordance with the requirements of functional isolation, as can be seen in Figure 1 . A facility, hereinafter referred to as the first span structure, is located at the edge of the conventional island foundation slab, adjacent to the nuclear island. The structural seismic rating of this first span was increased from that for nonseismic items to that for nuclear class II seismic items in the AP1000 nuclear power plant, indicating that the structural seismic capacity should be increased. Previous earthquake disasters show that strong seismic action often causes parts of a structure foundation to uplift, separating the foundation from the ground [5] [6] [7] . Additionally, some equipment, furniture, and other noncivil structures can vibrate and even be overturned [8] . Under earthquake action, the separate foundation slabs of the CAP1400 nuclear power plant also have a tendency to uplift, which has a direct effect on the seismic safety of the overall nuclear power plant.
In previous studies, to quantify the seismic uplift, a singlelayer and a multilayer system that considered the foundation uplift were simplified as a mechanical models fixed on a rigid foundation [7, 9] . Under rocking vibration, the foundation uplift and elastic deformation of the superstructure have been observed to influence each other [10] . Using a shaking test and numerical simulation, the oscillation response of a single rigid body under base excitation has been obtained [11] . The single rigid body rocking response when fixed on a rigid foundation slab has also been studied [12] . The main effects of uplift of the structural foundation have been observed as follows: when the foundation slab undergoes uplift, it interacts with the base of the structure; structural foundation uplift is directly related to the overturning resistance of the structure; the uplift of the foundation has an obvious influence on the seismic response of the structure, and, under certain conditions, the damage to buildings subject to strong earthquakes may be reduced by uplift [13] [14] [15] [16] [17] . Notably, in previous research, the foundation slab is considered to be a rigid body in order to investigate the soil-foundation-structure interaction. However, little research has been conducted on a particular case in which one end of the foundation slab is restrained and the other end can be raised as a result of seismic response.
In this paper, the first span of the CAP1400 nuclear power plant and its foundation slab were used as test subjects. A shaking table test model, taking into consideration factors such as foundation uplift, material nonlinearity, and local foundation restraint, was constructed with gypsum, which serves as a scale-appropriate material similar to concrete. The seismic responses of the structure with foundation uplift when subjected to different levels of earthquake excitation were then recorded. At the same time, the ABAQUS software package was used to analyze the experimental model, and the results of the shaking table test and this numerical simulation were compared. Then, the seismic performance of the structure was evaluated by using an overturning analysis of the CAP1400 nuclear power plant structure to provide a design basis for the CAP1400 demonstration nuclear power plant. Finally, time history analysis for the prototype structure model was performed to further obtain the seismic performance of the building. Figure 1 , the first span structure is located between the conventional island Shock and Vibration 3 and the nuclear island in the CAP1400 nuclear power station. The first span structure consists of a single span structure in its weak-axis direction, in which the basement as well as the first and second floors is constructed of reinforced concrete shear walls, and the third and fourth floors are constructed of framed shear walls. The footprint of the structure is 12.5 × 61.61 m, with a two-story basement of 9.1 m depth in total and four aboveground stories of 28.95 m height in total. The basement is filled with backfill. The thickness of main walls Q1 and DWQ1 is 600 mm, and the thickness of local wall DWQ2 is 1200 mm. The main structural materials are C40 concrete and HRB400 steel reinforcing bar. The first span is located on a 3 m thick raft foundation slab forming the main structure of the conventional steam engine room, but the first span is not connected to the upper structure of the steam engine room due to functional isolation requirements. The raft foundation only extends 100 mm beyond the edge of the span structure and is separated from the foundation slab of the nuclear island, as shown in Figure 1 (b). Considering the strong constraint offered by the surrounding soil, the conventional island would not be uplifted, and it imposes a constraint on the first span structure. As the first span is quite close to the nuclear island plant (a net distance of only 300 mm), the structural design of the first span foundation must ensure that the seismic performance of this structure does not affect the safety of the adjacent nuclear island facilities. The first span is designed according to seismic fortification intensity VIII (0.3 g) of the Chinese building code [18] . In elastoplastic time history analysis, the design seismic waves coincide with the RG1.60 spectrum calibrated by 0.5 g [19] . When the structure is subjected to seismic action, the foundation slab should be able to withstand the overturning moment. In this study, the first span structure and the foundation slab are analyzed as an integral structure.
Means and Methods

Prototype Structure Description. As shown in
Model Design.
The dimensions of the shaking table used, which could produce motion in all three directions, were 5 × 5 m. The maximum acceleration of the shaking table was 2.5 g in the horizontal direction with a maximum proof mass of 30 t, where g is the gravitational acceleration. The frequency of the input motion ranged from 0.1 to 50 Hz. The entire structure, including the building and the foundation, was the prototype structure of the shaking table test. In the shaking table test that considers foundation uplift, the weight of the structure acts to resist overturning. The coupling action of vertical and horizontal forces must therefore be taken into consideration [20] . The force equilibrium relationship of the structure under vertical gravity is
where , , and are the quality, stiffness, and displacement of the structure; is the gravitational acceleration. The scaling factor relationship conforms to dimension theory, so the similitude equilibrium is
There is
where is the scaling factor of Young's modulus, is the scaling factor of equivalent mass density, is the scaling factor of gravitational acceleration, and is the scaling factor of dimension.
The force equilibrium relationship of the structure under the action of horizontal earthquake is
wherëanḋare acceleration and velocity of the structure; is the earthquake acceleration; is the structure damping coefficient.
Thus, based on the dimensional analysis method, the similitude equilibrium is
where is the scaling factor of horizontal acceleration. Accordingly, the requirements of (3) and (6) must be simultaneously satisfied to consider the coupling action of vertical and horizontal forces. Because the gravitational acceleration of the structure is difficult to change in a shaking table test, and are set to 1. Taking the dimensions of the shaking table into account, the value of is set to 1/12. The weight of the structure to be modelled is approximately 39,537 tons. If the test model is constructed of the same concrete material as the subject structure, that is, is set to 1, the total weight of the test model would be 274.6 tons, which is much heavier than the bearing capacity of the shaking table. If is reduced to 1/35, the total weight of the test model is reduced to 32.27 tons, which is still greater than the ultimate bearing capacity of the shaking table. Additionally, a smaller scaled length would significantly increase the difficulty of constructing the test model and also increase behavioral variability due to the size effect.
In order to reduce the weight of the model, comply with the bearing capacity of the shaking table, and provide similar material and design parameters for the model, scaled Young's modulus is set to 1/12, allowing for the use of gypsum, which has a low elastic modulus and low strength but is a lighter material than concrete, reducing the total weight of the model to 22.88 tons, well within the bearing capacity of the shaking table. The detailed scaling coefficients can be seen in Table 1 .
The use of gypsum has been studied in a centrifuge shaking table test [21] . A similar material for a shaking table model test of a large underground cavern group was obtained by conducting a similar material ratio test using rock [22] . Based on the theorem of Buckingham's , a 1/20 scale model of the concrete containment shell of the CPR1000 nuclear power plant was constructed using a cement mortar material [23] . These research results indicate that the use of a concrete simulation material can meet all experimental requirements through a material proportioning test. Accordingly, gypsum was used as the experimental model material, and the appropriate proportions of gypsum were determined by experiment. In order to improve the mechanical properties of the gypsum, some additives were included. The main components of the gypsum mix included gypsum, mineral powder, fiber, water, retarder, and water reducing agent, in the material ratios shown in Table 2 . The density, Young's modulus, and compressive strength of the gypsum are 1800 kg/m 3 , 2765 MPa, and 3.8 MPa, respectively. The scale of Young's modulus between the gypsum and the original model concrete is 1/12, which meets the design requirements for the test. Figure 2 shows the typical compressive failure modes of the gypsum test blocks.
The reinforcement ratios of the model sections were calculated according to the principle of equivalent bearing capacity. The control of the normal section bearing capacity is based on the principle of equivalent bending resistance, and the control of the inclined section bearing capacity is based on the principle of equivalent shear resistance [24] . In order to meet the reinforcement ratio requirements, galvanized iron wire was used in place of steel bars in the test model, with the wire cross section radius and spacing adjusted as needed.
The weight distribution of each floor of the test model was chosen to meet the similarity ratio, as shown in Table 3 . In order to accurately simulate the basement backfill soil, a highdensity iron ore was placed on the floor and in the basement, and counterweights were arranged on the other floors, as shown in Figure 3 .
Sensor Placement.
In order to test the dynamic response and local stress state of the model, acceleration, displacement, strain, and force sensors, as well as laser displacement gauges, were installed on the test model in the locations shown in Figure 4 . The two laser displacement gauges (LD-1/LD-2), located on the ends of the foundation slab, were used to record the vertical displacement of the slab. The four force sensors (F-1-F-4) were arranged at anchor positions of the foundation plate to measure the tension in the anchor due to the induced uplift of the foundation slab. The acceleration sensors and the displacement sensors were arranged along axes A and C.
Test Cases.
Seismic waves are applied in the direction of the short axis of the structure. When the test model reaches the nonlinear stage, irreversible plastic damage accumulation occurs. Therefore, when designing the test cases, it was necessary to simplify the selected seismic wave records, loading sequences, and loading times. In this test, the ground motion was screened according to the RG1.60 standard spectrum and calibrated by 0.5 g. Artificial wave record RGB and two actual strong motion records, GTR and KOBE, were selected. Figure 5 shows the time history and spectrum of the input waves. The test conditions were divided into four stages: 0.1 g, 0.3 g, 0.5 g, and 0.6 g, constituting frequent, moderate, rare, and destructive earthquake intensities, respectively. The natural frequency of the structure after earthquake action was measured by white noise excitation. The test program and specific test conditions are shown in Table 4 .
Finite Element Analysis (FEA) Model.
To gain a better understanding of the dynamic behavior of the structure, three-dimensional finite element models of the test structure and the prototype structure were established by using the ABAQUS 6.10 software package. In these two models, the beam and column members were simulated by the fiber beam element (B31), and the shear wall, floor slab, and foundation plate were simulated by the layered shell element (S4R) [25] . The FEA model of the prototype structure employed the concrete plastic damage constitutive model and the bilinear kinematic hardening model. The concrete damage model assumes that the material is primarily destroyed through tensile cracking and compression crushing, and the evolution of the yield and failure surfaces is controlled by hardening variables describing the equivalent plastic tensile and compressive strain. In the test structure, gypsum was used as a material that is similar to concrete. In this study, although ABAQUS did not provide a constitutive model for gypsum, the mechanical properties of gypsum were simulated by adjusting the material properties of the plastic damage model for concrete in accordance with the results of gypsum property tests. The uniaxial compressive stress versus strain curve, uniaxial tensile stress versus strain curve, and damage coefficient of the gypsum and the prototype material are shown in Figure 6 . In fact, the stress values of gypsum are much lower than that of the prototype concrete. Herein, we mainly focus on the similarity between the model material and the prototype concrete. As the foundation plate experiences uplift, nonlinear contact behavior occurs between the foundation and the structure base. The connections between the bottom of the model and the basis are shown in Figure 1 . To simulate this interface in FEA, nonlinear connections with large compressive stiffness, but no tensile force, were used. The positions of the nonlinear connections are shown in Figure 7 . Additionally, Rayleigh damping was used in the numerical analysis with an initial damping ratio of 5%. In order to verify the consistence of the test and FEA models, the test model was excited by white noise to determine its natural frequency. The first-order natural frequencies of the test model and of the corresponding FEA model, with no additional weights, were 15.2 Hz and 14.0 Hz, respectively, with an error of 7.9%. The natural frequencies of the first and second orders of the test model with additional weights were 7.5 Hz and 17.94 Hz, respectively, whereas those of the corresponding FEA model were 7.64 Hz and 17.24 Hz, respectively, resulting in first-order and second-order errors of 1.9% and 3.9%, respectively. This demonstrates that the test FEA model is in good agreement with the test model. The natural frequencies of the first and second orders of the prototype structure FEA model were 2.21 Hz and 5.04 Hz, respectively, which was in accordance with similar relationship seen in Table 5 .
Results and Discussion
Seismic Performance of Superstructure in the Test Model.
The seismic performance evaluation of the first span structure in the CAP1400 nuclear power plant is provided as follows: under the action of a moderately intense earthquake (0.3 g), the key members of the superstructure remain undamaged and are still able to meet the requirements of elastic design; under the action of a rare-intensity earthquake (0.5 g), moderate damage may occur to the structural members, but the integrity of the structure is not affected. At no point does the displacement of the superstructure exceed the distance to the adjacent nuclear island facility, ensuring the safety of the nuclear island facility during a seismic event. When an earthquake occurs, the foundation slab may experience uplift, but the stress in the foundation slab should remain within the scope of elastic design, and the structure exhibits good antioverturning capacity. The seismic performance of the nuclear power plant is further analyzed and evaluated in this section using its structural dynamic response and the damage phenomenon observed in the shaking table tests and numerical simulations.
Natural Frequency.
From the test results, the natural frequency change curve is shown in Figure 8 . The initial frequency was 7.5 Hz before the test, and after being subjected to three groups of frequent-intensity earthquakes (0.1 g) the first-order frequency of the model was reduced to 7.0 Hz or 93.3% of the initial frequency. This demonstrates that the structure basically remained in an elastic state. After the being subjected to moderate-intensity earthquake action (0.3 g), the first-order frequency of the model was reduced to 80% of the initial frequency, indicating that the main members of the structure were slightly damaged, decreasing the structural stiffness. After the application of rare-intensity earthquake action (0.5 g), the frequency fell to 5.5 Hz or 73% of the initial frequency, indicating that the structure experienced significant damage, agreeing with observed test phenomena. After the application of a destructive-intensity earthquake load (0.6 g), the natural frequency of the structure continued to decrease to 68% of the initial frequency.
Acceleration
Response. The amplification factor curves for the maximum acceleration of each story are shown in Figure 9 , and the acceleration responses of each story in the test and numerical models are shown in Figure 10 . It can be seen that the results of the numerical analysis are in good agreement with the experimental results under the same seismic conditions. The dynamic amplification factor of the structure acceleration is clearly proportional to the elevation of the story. Under the condition of frequentintensity earthquakes, the peak amplification factors for the acceleration of the top story of the structure were 3.60-5.06, and after the application of rare-intensity earthquake loads the amplification factor fell to 2.98. When the peak input ground motion increased, the dynamic amplification factors of each story decreased, which can be seen by comparing the KOBE-0.1 g condition to the KOBE-0.5 g condition. In this comparison, the amplification factor of the top story decreased by 21%.
Displacement Response.
The maximum interstory drift of the structure under different loading conditions is shown in Table 5 , in which the maximum interstory drift can be observed to occur on the top story. In the case of a frequentintensity earthquake, the experiment was in good agreement with the numerical simulation results, but under moderateintensity earthquakes and above that, the increase in severity of earthquake action results in an increase in the degree of deviation. At the same time, the experimental and numerical simulation results show that the maximum interstory drift for stories 1-3 was relatively small, but the interstory drift for the fourth story significantly increased when loading increased from frequent-intensity earthquake conditions to the final destructive-intensity earthquake condition. The middle wall of the first axis of the structure, labeled A in Figure 4 , exhibited a strong sway with a large displacement response. This was mainly due to the relatively weak stiffness of the upper two stories of the structure. Both the experimental and numerical analysis results show that the maximum displacement at the top story under moderate or rare-intensity earthquakes is smaller, mainly due to ground motion characteristics. In general, both the numerical and experimental models basically reflect the deformation trend of the structure. Under earthquake loading, the structural stiffness of the upper story was weak enough to result in a whiplash effect. When the damage accumulation was large, the whiplash effect obviously increased, but as a whole the maximum interstory drift of the structure was within the requirements of the design. When the rare-intensity earthquake was applied, the maximum displacement of the structure was 6.5 mm. Notably, this value is far from exceeding the distance between the nuclear island facility and the first span structure. Even in the destructiveintensity earthquake case the top displacement of the first span does not affect the safety of the nuclear island plant.
Distribution of Wall Cracks.
The portion of the first span structure located on the midspan of axes A and B (as defined in Figure 4 ) between the third and fourth stories was severely damaged after being subjected to frequentintensity earthquakes, a moderate-intensity earthquake, and then a rare-intensity earthquake. The walls, beams, columns, floors, and joints near these locations were seriously damaged and lost integrity, as shown in Figures 11(a) and 11(b) . The numerical simulation results also suggest that the tensile damage to the structure was mainly concentrated in this region, as shown in Figures 12(a) and 12(b) . In the short axis direction, the shear walls on axes A and C were the main components resisting lateral force, but these shear walls are not located in the midspan of third and fourth floors. Because of this weak lateral stiffness, under earthquake action the seismic response of the midspan walls was violent, leading to the damage observed in this area. Other regions exhibiting damage include the bottom and top of the columns as shown in Figure 11 (c), the end of the frame beams as shown in Figure 11(d) , the interstory connections, and the peripheral area of wall holes. Note that the structural floor slabs also exhibited serious damage, though this damage is likely due to an excessively small floor thickness required by the reduced scale.
As a whole, the macroscopic phenomenon of structural damage under seismic action was basically the same as that calculated by the numerical simulation. The degree of superstructure damage was small, and the seismic performance of the overall structure was good.
Seismic Performance of the Foundation Slab in the Test
Model. During the model shaking table test, the dynamic strain responses of the gypsum and iron wire in the foundation slab were measured to determine the stress state of the slab. As shown in Figure 13 , the strain response time history of the gypsum and iron wire is presented under three sets of conditions, in which it can be seen that the seismic responses of the gypsum and wire strain are related. The amplitudes of the dynamic strain in the iron wire, determined from the model testing and simulation under working conditions, are provided in Table 6 . An analysis of data in this table suggests that the test values are close to the simulated values, the strain amplitude of the foundation slab increases gradually with the increase in the seismic input peak, and the dynamic tensile and compressive strain at each point is symmetrical during reciprocating loading. In the case of the destructiveintensity earthquake, the maximum compressive strain in the foundation was −242 , and the maximum tensile strain was 246 . The foundation slab of the experimental model was still in an elastic state, which can be deduced from the above strain results. During the test, no obvious cracking or other damage occurred on the foundation slab, which agreed with the strain data collected.
Overturning Resistance Analysis of the Test Model.
Under the action of horizontal earthquakes, the overturning moment generated by the inertial force is resisted by the structural weight and the bending stiffness of the foundation slab. In the rare-intensity earthquake case, shown in Figure 14 , the foundation slab under the first span was observed to completely separate from the base.
The test results show that the force in the anchor bolt connecting the foundation slab and the shaking table surface varies with earthquake intensity. Figure 15 shows the measured anchor pretension (compression is negative and tension is positive) under earthquake loading. When the sensor reports compression, the foundation plate is being uplifted by the excitation.
Based on the results of the test and simulation, an assumption that the uplift force acts on the end of the anchor was made. Using this assumption, a simplified analysis and calculation model for the structure was established and is shown in Figure 16 . Considering the basement, the structure model has five degrees of freedom, with the structure fixed to the foundation slab, which is located on a rigid base with one end of the slab restrained. In this model, is the structure story quality, ℎ is the structure story height, is the weight of each story, is the horizontal force in each story horizontal, and is the horizontal distance between the structure and the constraint endpoint. When the structure is subjected to seismic loading, the foundation plate is uplifted and the moment equilibrium is expressed as shown in (7), in which is the displacement due to horizontal motion, and is the bending moment in the foundation slab. Based on safety considerations, the maximum acceleration response of each story is taken when the horizontal inertial force is calculated, as shown in (8) . In this equation, is the acceleration response of each story, and the force arm of each story is the vertical distance from each story to the foundation slab. The bending moment in the foundation slab and the bearing capacity of the foundation slab were compared using bending moment analysis, where is the bending moment in the foundation slab, and design is the maximum moment provided by the bearing capacity of the foundation slab.
(1) Satisfying:
(2) Dissatisfying: The antioverturning moment produced by the structure weight was fixed at 208 kNm as the acceleration of gravity was constant. Under the rare-intensity earthquake condition, the acceleration amplitudes of each story were determined according to the test results shown in Table 7 . The total overturning moment generated by the inertial force was 226 kNm, taking into account the basement filling soil. The structure weight provided 92% of the antioverturning bending moment, with the foundation slab providing the remaining 8% (18.0 kNm), which was less than the design value of the slab at 76 kNm. If the foundation slab is assumed to be a cantilever beam and a bending moment of 18.0 kNm is applied, the vertical displacement at the end of the beam is 0.49 mm, which is close to the displacement of 0.38 mm provided by the test results. The uplift displacement of the structure gradually increases with the increase in the intensity of the seismic wave, but when the input seismic wave is as high as 0.6 g, the maximum displacement is only 0.89 mm. As a whole, the vertical displacement of the structure was small and the antioverturning ability of the structure was good.
Seismic Performance of the Prototype Structure.
A satisfactory agreement was observed between the simulation and test results of the shaking table model. Meanwhile, time history analysis for the prototype structure FEA model was performed to gain a better understanding of the seismic performance of the building. Under the action of frequent earthquakes, the prototype structure and the test model structure were in an elastic stage, and their dynamic response results satisfied similar requirements shown in Table 1 . The acceleration dynamic response of each layer in the prototype structure and the test structure is shown in Figure 17 , and its interstory drift is shown in Figure 18 . The above analysis results showed that the test model structure processed by similar materials could reflect the dynamic characteristics and deformation modes of the prototype structure under the effect of low intensity earthquakes.
When the moderate-intensity and rare-intensity earthquakes were applied, both the prototype structure and the experimental model structure showed different structural damage. The gypsum material used in the experimental model and the concrete material of the prototype model difficultly met the similarity in the plastic stage. Therefore, the dynamic responses of the prototype structure and the test structure had a certain difference. However, the overall failure modes of the two structures were similar; the fourth layer of the structure was the weakest and suffered the most serious damage. The maximum interstory drift of each layer is shown in the Figure 19 . It can be seen from the results that the interstory displacements of the prototype were obviously smaller than that of the experimental model. The top displacement of the first span is 112.9 mm and it is far from exceeding the distance between the nuclear island facility and the first span structure. The seismic performance of the structure meets the design requirements and has a higher safety margin.
In the rare-intensity earthquake case, the prototype structural foundation slab was also observed to completely separate from the base. The stress of the foundation slab was still in the elastic state without damage. Overall, the bearing capacity of the foundation slab in the prototype structure could meet the requirements of seismic design.
Conclusions
In the CAP1400 nuclear power plant, the first span structure arrangement is unique, leading to the occurrence of uplift under earthquake action. As a critical engineering structure in the nuclear power plant, the seismic safety of the first span is very important. In this paper, the seismic performance of the first span structure under earthquake loading is tested Figure 19 : Interstory drift of the prototype structure and test model structure under moderate and rare earthquakes.
using both shaking table tests and numerical simulations, obtaining the following conclusions.
(1) Under different severities of ground motion, the foundation of the first span structure was observed to slightly detach from the shaking table. Gravity provides the main antioverturning moment, while the foundation slab remains in an elastic state and resists only a small amount of the overturning moment. The overall overturning resistance of the structure is shown to meet the relevant design requirements.
(2) With respect to the structural dynamic response and failure mode, the results of the finite element simulation and shaking table test are almost the same, which indicates that the numerical analysis model and method applied in this study are generally satisfactory. Numerical simulation results of the test model and the prototype structure are consistent with similar design conditions, and this shows that it is feasible to use gypsum as a material similar to concrete in shaking table tests when the structure is in an elastic response.
(3) Under the action of a moderate-intensity earthquake (0.3 g), the key force components of the structure remain basically intact, meeting the requirements of elastic design. Under the action of a rare-intensity earthquake (0.5 g), the structural stiffness decreases to a certain extent, but the structure still maintains good integrity. Under the action of 0.6 g ground motion, the test model is seriously damaged but does not collapse. Under no level of intensity does the displacement response of the structure affect the safety of the adjacent structure. The seismic performance of the structure is therefore shown to meet the relevant design requirements, suggesting that the scale model and numerical model approaches are able to provide a sound basis for the seismic performance design of the CAP1400 nuclear power station.
